Background: Injury is the commonest cause of morbidity and mortality amongst the younger age groups. Management of injuries has been identified as one of the major health issues facing our community. The study objective was to define the epidemiology of injury related deaths in Singapore. Methods: A nationwide review of all deaths arising as a result of injury in 1995 was conducted. Results: There were 913 cases with an injury mortality rate of 27 per 100,000 population. Ninety-seven percent (97%) were due to blunt injury. Falls from heights from deliberate self-harm was the commonest mechanism, followed by motor vehicle collisions (MVC). Fifty-two percent (52%) of MVC deaths were motorcyclists or pillion riders. Sixty-six percent (66%) of all deaths occurred in the prehospital phase. Central nervous system injury was the main cause of hospital deaths. Conclusion: Results from this study will help our community focus on the appropriate preventive strategies to reduce mortality and the cost of injuries to our society. (Hong Kong j.emerg.med. 2003;10:88-96) 
Introduction
Injury is one of the commonest causes of morbidity and mortality in the ages between 1 to 40 years. 1 In Singapore, injuries ranked as the fifth commonest cause of death after cancer, heart disease, cerebrovascular disease and pneumonia. 2, 3 In 1993, it was the leading cause of death in those between 15 to 34 years of age, accounting for more than half of all deaths, and was second only to cancer in the 5 to 14 years age group. Injuries was ranked second, after cancer, in been no previous comprehensive report on trauma mortality in Singapore.
The objective of this study was to define the epidemiology of deaths arising from injury in Singapore with respect to its incidence, demographic distribution, cause of death and the temporal relationship from injury to death. With a more comprehensive picture, it was hoped that this would allow for better prioritization, emphasis and distribution of valuable and limited resources. This data will serve as a baseline for comparison when national initiatives and interventions are in place for management of injuries.
Materials and methods
This study was a nation wide prospective surveillance of all deaths arising from injury for a period of one year, from 1 January 1995 to 31 December 1995. Cases included all deaths that resulted from any physical injury, hanging, drowning and burns but excluded all cases of poisonings and complications or adverse events arising from medical or surgical treatment. 6 Cases were enrolled on a daily basis by studying all reported deaths at the death registry, Coroner's office, Institute of Science and Forensic Medicine. The following data were available for collection: police incident reports, ambulance case records, and hospital medical records. As it was a legal requirement for trauma deaths to be subjected to a postmortem examination, a 100% autopsy rate was possible for this study. All injuries were scored using Abbreviated Injury Scores (1990 revision). 8 Injury Severity Scores (ISS) were calculated using the methodology published by Baker et al. 9 Acute hospital deaths was defined as deaths within 48 hours, early deaths between 48 hours to seven days and late deaths more than seven days post injury. 20 The cause of death was based on postmortem findings and reports. Toxicological reports of all deaths were also available for analysis. Data was entered and analyzed using Statistical Package for Social Science Program (SPSS) Version 6.1.4, 1996.
Results

Demographic data
There were a total of 15,569 deaths in 1995 of which 913 were direct results of injury. 2 Based on the estimated population of 3,386,500 (indigenous population of 2,986,500 and foreign workers of 400,000) in 1995, the injury mortality rate was 26.9 per 100,000. The demographic data are presented in Table 1 . The majority (73.4%) of deaths were males, giving a male to female ratio of 2.8:1. Half (50%) of all deaths were . From a national perspective, Indians had the highest mortality rate per 100,000 followed by the heterogeneous population of foreign workers. (Table 1 ) When only the indigenous population was considered, Indians were followed by Chinese, 
Intentional injuries a. Deaths from Deliberate Self Harm (DSH) or Suicide
Four hundred and ten deaths (45%) resulted from DSH. The mean age was 46.7±19.8 years with a male to female ratio 1.7:1. Chinese had the highest mortality rate of 12.1 per 100,000 from major falls as compared to Malays and foreign workers who had the lowest rates. (Figure 2 ) Blunt force (97.3%) was the predominant mode of injury. The two commonest mechanisms were major falls such as jumping from tall apartment blocks and hanging which accounted for 323 (78.3%) and 66 (18.2%) of deaths from DSH respectively. Those who hanged themselves had a mean age of 51.0±20.6 years as compared to 46.0±19.8 for those from major falls. O ther causes included other asphyxiation means (2), burns (2), gun shot wounds (6), stab wounds (3) and other crushing or penetrating mechanisms (2) . All six cases of firearm related mortality in 1995 were a result of DSH and victims were personnel who carried firearms as part of their duties. The mean ISS of DSH deaths (excluding asphyxiation) was 53.3± 16.8. The majority (89%) of DSH deaths succumbed at the scene.
b. Homicides
Assaults were responsible for 52 (5.7%) deaths. Apart from 46 cases listed as assault in Table 2, there were in addition, three cases of major falls, two minor falls and one burns case that arose from assault. The victims were generally younger. (Table 2) The male to female ratio was 2.7:1. Foreign workers were involved in about a third of these deaths and this was significantly higher when compared to all other races. (Figure 2 ) The predominant mechanism was blunt injury (69.2%). All 16 cases of penetrating injuries were due to stabbing. There were no homicides in 1995 from gun shot injuries. The majority (77%) was pronounced dead at the scene of crime.
Motor vehicle collision (MVC) deaths
There were 224 MVC fatalities. (Table 2 ) The male to female ratio was 4.1:1. They were generally younger compared to, for example, those due to falls from DSH. Malays (8.7 per 100,000) and Indians (9.3 per 100,000) had proportionately more fatalities as compared to Chinese (6.4 per 100,000) and other races. (Figure 2 ) The Traffic Police, in their Report on Road Traffic Accident in 1995, established the relative vulnerability of various groups of road users as follows: motorcyclist casualties 241 per 100,000 motorcycles, heavy vehicle drivers 30 per 100,000 heavy vehicles, and 18 motorcar driver casualties per 100,000 motorcars. About half of all MVC deaths (52%) involved the use of motorcycles. (Table 3 ) Of these, 89 (40%) were motorcyclist and 27 (12%) were pillion riders. Pedestrians were the second most vulnerable group contributing 62 (28%) deaths, followed by motorcar drivers and occupants (10%), heavy vehicle occupants (5%) and pedal cyclists. Motorcycle related deaths were younger than other victims, compared to pedestrians who were older. Malays had the highest risk of mortality from motorcycle incidents compared to other races. (Figure 2 ) Seventy percent of motorcycle incidents involved collision with other vehicles and in the majority (52%) of these incidents, the motorcyclists were not considered as the offending party. The injury severity was generally similar except for those travelling in heavy goods vehicles who had a mean ISS of 43.3± 22.6 (compared to the mean ISS 39.1±16.7 for all MVC deaths). After major falls, MVC was the second commonest cause of pre-hospital deaths. It was however, the most important cause for hospital deaths especially in the acute and early phases. When nonsurvivable injuries (ISS=75) were analyzed, one third were motorcycle or pillion riders, a third were pedestrians or pedal cyclists and a third from other motor vehicles. Fifty-two percent of non-survivable injuries were due to collision with heavy vehicles.
Industrial or work related deaths
There were 88 work related deaths, of which only one was a female. This was 20% of all deaths from nonintentional injuries. Mean age was 37.5±14 with mean ISS of 34.3±21.7. Sixty percent of cases involved foreign workers. Falls from heights (39%) usually in the construction industry and crushing injuries (38%) were the two main mechanisms of fatalities. About half of victims succumbed at the scene. Sixty-seven percent of such deaths were associated with the construction industry.
7
Home injuries
Of 64 deaths due to home-related injuries, 80% were due to minor falls. Mean age was 63.0±22.8 years and mean ISS 23.9±15.3. Minor falls were the main cause of injury amongst those who were more than 60 years of age. Seventy-seven percent of victims actually reached hospital but died more than 48 hours after admission. More than half of these (56.3%) was a result of isolated central nervous system (CNS) injuries.
Paediatric deaths
There were 30 deaths in those aged less than 16 years with a male to female ratio of 1.7:1. All injuries were blunt with one severe burns. The predominant mechanism of injury was MVC (7), assault (7), major falls (6) and drowning (6) . Five of the seven MVC deaths were young pedestrians being struck by a motor vehicle. The mean ISS was 37.2±14.7. There were no deaths from choking in 1995. Half (50%) of deaths occurred in the prehospital setting and overall 80% died within 48 hours from injury. There was no late death in this series. One third of deaths were due to isolated CNS injuries while 50% of deaths were related to some form of CNS injuries
Deaths in those above 60 years of age
There were 203 deaths amongst those more than 60 years of age. The mean ISS was 41.4±20.1. Sixty percent were a result of falls (both minor and major). Seventy-six percent of minor falls occurred while in their own homes and 91% of them died in the hospital phase. This was in contrast to major falls where the majority (95%) died at the scene. Intentional injuries accounted for 75% of deaths with 88% of them being non-penetrating injuries. Two thirds of the intentional injuries were due to DSH. The predominant mechanism for DSH was jumping from high-rise buildings, followed by hangings. Nine of 11 cases of choking from food bolus obstruction occurred in this age group. No case of hanging survived to reach hospital. In contrast, two thirds of choking survived only to die in the acute hospital phase.
Injury severity
Mean ISS was derived after excluding deaths caused by asphyxia from hanging and drowning, choking, electrocution and lightning injuries. This excluded cases with ISS of 3 or less. The overall mean ISS was 43.6±19.1. Highest mean ISS was in the group from major falls (52.7±16.3) followed by MVC and penetrating assault. (Table 2 ) One hundred and thirtyone (16.8%) had ISS of 75 indicating a non-survivable injury. Sixty-nine percent of non-survivable injuries were due to DSH and 70% were due to major falls. The age group with highest mean ISS of 45.9±19.5 was 41-50 years while those from 0-10 and 91-100 years had the lowest 36.0±16.2 and 38.5±22. 4 respectively. An inverse trend towards decreasing mean ISS with increasing age and time from injury to death was observed. There were 26 deaths with ISS less than 16 . About a third of these deaths (8) were in the prehospital phase.
Cause of death
The leading cause of death was a combination of exsanguination and CNS injuries in multiple injuries. (Table 4 ) Traumatic haemorrhage was responsible for 56% of deaths with exsanguination alone contributing 27% of deaths. CNS related injuries were responsible for 50% of deaths while in 21% isolated CNS injuries were the principal cause. Sepsis was the predominant cause of late hospital deaths followed by CNS injuries.
Pre-hospital deaths
Five hundred and ninety-nine deaths (65.6%) occurred before arrival at hospital. When deaths from asphyxiation (i.e. hanging, choking and drowning) were excluded, 62% were considered pre-hospital deaths. The main contributor was major falls due mainly to DSH. The commonest cause for pre-hospital deaths was exsanguination with CNS injuries (46%) followed by exsanguination alone. (Table 4 ) Isolated CNS injuries were responsible for 75 (16%) deaths while all CNS related deaths accounted for 296 (62%) of pre-hospital deaths. (Table 3 ) Forty percent of all deaths from isolated CNS injuries and 65% of all CNS related injuries died either at the scene or prior to arrival in hospital. Mean ISS was 50.4±18.5 and was higher compared to hospital deaths. This was in contrast to the trend of increasing mean age as time Hospital deaths (Table 4) Of the 314 deaths in hospitals, 60% were acute, 21% early and 19% late deaths. Isolated CNS injuries were the commonest reason for hospital deaths followed by exsanguination, and the combination of haemorrhage and head injuries. More than half of those with isolated CNS injuries succumbed within 48 hours. As expected the majority of those with exsanguinating haemorrhage did not survive beyond the acute phase.
Haemorrhage was responsible for 60% of acute deaths followed by isolated head injury. Isolated CNS injuries and sepsis were the predominant causes for early deaths and late deaths respectively. Multi-organ failure (MOF) was responsible for three late deaths. There were eight (0.9%) deaths arising from spinal injuries with all but one dying within 48 hours post injury. Eighteen deaths with ISS less than 16 occurred in hospital phase of which one third were due to sepsis, and two cases to pulmonary embolism secondary to deep venous thrombosis.
Toxicological analysis
One hundred and forty-one (15.4%) cases had alcohol detected. Forty-five percent were associated with DSH, 20% (28 cases) with MVC and 13% with assault. Motorcyclist and pedestrians formed the bulk of those involved in MVC. Six of the 28 MVC deaths had a blood alcohol level above the legal limit (>= 80 mg/dl). In 1995, the number of accidents attributable to drunk driving was 92 cases out of 677 arrests by the Traffic Police. Drugs were detected in 30 cases of all deaths. Sixty-seven percent of these cases were related to intentional injuries. The commonest drugs detected were sedatives such as benzodiazepines, followed by narcotics.
Discussion
Injury and its complications are known to exact huge cost, not only on the affected individual and their families, but also on society in general. This together with evidence of high rates of preventable trauma deaths has prompted many communities to establish trauma care systems to promote the level of trauma care delivery. [10] [11] [12] [13] [14] [15] [16] [17] Many communities began by studying the epidemiology of trauma deaths, each adopting various definitions of trauma deaths. In their 1987 landmark paper, Baker et al studied all accidental deaths in San Francisco area in 1977. 18 Their cases included deaths from penetrating injury and falls from heights e.g. Golden Gate Bridge. More recent studies by Shackford et al and Sauaia et al analyzed deaths that excluded drowning, hanging, burns and falls without evidence of physical injury. 19, 20 This had resulted in lower proportion of pre-hospital deaths (40% and 34% respectively) as compared to 53% in Baker's study. 18 Therefore comparisons of trauma death statistics from different communities must be made bearing in mind the study's inclusion and exclusion criteria. The conclusions, prioritization of resources and emphasis on various injury prevention strategies adopted by a community may not be entirely applicable to another.
This study was the first comprehensive one-year review of all deaths arising from injuries in Singapore. In common with other studies, such deaths occurred more commonly amongst the young with a peak at the 21-30 age group, and a high male to female ratio. The predominant mechanism of injury was nonpenetrating or blunt injury. This was in contrast to studies from communities in the United States, which showed a much higher proportion of penetrating trauma. [18] [19] [20] This difference could be explained by the strict firearm control laws in Singapore as compared to the more liberal gun control legislation in the United States. Experience from the United Kingdom was somewhat akin to ours. Reviews of deaths from injury in England and Wales by Anderson et al and in South West Thames region by Daly et al found blunt trauma, mainly from MVC, as the major mechanism of trauma deaths. 21, 22 The largest contributor to blunt trauma in Singapore was major falls arising from DSH. For these cases, the availability of the best trauma care system might not be the right solution. The Committee on Trauma of the American College of Surgeons in their report on "Resources for optimal care of the injured patient" recognized that nearly half of all trauma deaths occurred instantly after injury ("immediate deaths"). 23 Our study revealed that 66% of cases were pre-hospital deaths. Non-survivable injuries to the brain, spinal cord, heart and major vessels were responsible for these pre-hospital deaths. The single most important societal solution would be to develop strategies that will aim at prevention of these injuries. The concept of injury as a disease process with a predictable pattern and long term trend, received due attention in a policy statement by the American College of Emergency Physicians. 24 Injuries are thought not to arise from accidents, which are considered random events, but rather events that are predictable and largely preventable. In our national strategy, there is therefore a need to explore ways of decreasing the number of suicide related fatalities especially amongst the elderly Chinese population. Other areas of emphasis would include road safety education for young motorcycle riders, and elderly pedestrians, home safety for the elderly and vulnerability of our young adult's involvement in assaults. As our population ages, the increasing number of elderly will in time result in proportionately more home injuries, DSH, and MVC. In our study, the elderly was observed to be prone to choking on food boluses. As most of these deaths occurred in the pre-hospital and acute phases, prevention and early intervention at the outset will produce maximum benefits. Perhaps families with elderly members should have at least one member trained in basic life support. Domestic servants, who are commonly employed in Singapore to look after our elderly members, should be trained in first aid as well. In this area it is heartening to note that the National First Aid Council, in its launch in March 2002, has made a commitment to achieve a target of having at least one trained first aider in every household by 2020.
Once injury has occurred, the other operational components of the trauma care system such as EMS, Emergency Department, in-patient trauma service, and rehabilitation will be needed to minimize morbidity and mortality. Analysis of hospital deaths has highlighted the importance of management of head injuries. Despite preventive measures such as compulsory motorcycle helmets, and industrial safety helmets having been in place, 40% of hospital deaths were due to isolated CNS injuries from MVC. Many studies have emphasized the importance of secondary brain injury and advanced airway control in the management of the severely head injured patient. [25] [26] [27] Currently, our emergency ambulance service can provide mainly basic life support to these casualties. There is therefore a need to explore the possibility of providing advanced airway control in our community. Currently, there is an on-going initiative to implement the use of the laryngeal mask airway. It is hoped that this will contribute towards better airway management and reduce secondary injury to the head injured casualty.
Future studies in our community should include the surveillance of all injured patients to identify highrisk groups, injury trends and outcomes of preventive strategies. Pre-hospital and hospital trauma care will have to be evaluated through the conduct of preventable trauma death studies.
Conclusion
Our study has characterized the epidemiology of trauma deaths in Singapore. There is a need to address the issues of injury control and prevention of intentional deaths from suicides, and MVC.
